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yjlK 576.895.122:594.1 

TPEMATO,5HAfl HHBA3HR H HAKOIIJIEHHE TRXEJIblX METAJIJIOB 
MOJIJIK)CKOM COLLETOPTERUM PONDEROSUM 
(BIVALVIA: UNIONIDAE: ANODONTINAE) 

© T. E. KwpHMyK, A. II. CTa^HHMeHKO 

Hccjie^OBaHO BJiHHHne TpeMaTOjiHOH MHBa3HH Ha HaKon^eHHe Tnxcejibix MeTajuiOB (Cu, 
Cd, Zn, Pb) pa3JiHHHbiMH opraHaMH MOJiJiiocKa Colletopterum ponderosum (paKOBHHa, rena- 
TonaHKpeac, xcabpbi, MaHTHH, roHajia, Hora). ripoaHajiH3HpoBaHbi pa3JiHHHH b HaKoruie- 
HHH MeT3JUIOB CaMUaMH H CaMKaMH. YCTaHOBJieHO B03paCTaHHe K03(|)(|)HUHeHT0B HaKOn- 
JieHHfl H flOHHOH bHOJIOrHHeCKOH aKKyMyjIHUHH. PaCCHHTaH K03(|)4)HUHeHT KOppeJIHUHH 
paHroB CnnpMepa h obroBopeH xapaKTep H3MeHeHHH conpnxceHHoro HaKonjieHHH b napax 
THxcejibix MeTajuiOB. 


Ootoh H3 BaxHbix coBpeMeHHbix npobjieM hbjihctch npe,aoTBpameHHe 3a- 
rpH3HeHHH bootoh cpejibi HOHaMH TH^cejibix MeTajuiOB — nojuiiOTaHTaMH. B ee 
pemeHHH BecbMa BaxHoe mccto 3aHHMaiOT bHOJiorHnecKHe mcto^h HHjiHKauHH 
H KOHTpOJIH 3a COCTOHHHCM BOR (XpHCTO<J)OpOBa, 1989). 3tO COnpHXCHO C nOHC- 
KaMH TeCT-o6T>eKTOB — BHROB, UpiiTORHhlX tfJIH HCn0JIb30BaHHH MX B CHCTeMe 
3KOJIOrHHeCKOrO MOHHTOpHHra. K HHCJiy TaKOBbIX flOJDKHbl 6bITb IlpHHHCJieHbl H 
^BycTBopnaTbie mojijiiockh ceM. Unionidae, nocKOJibKy ohh OTBenaiOT tcm Tpe- 
bOBaHHHM, KOTOpbie Ilpe^'bHBJIHIOTCH K BHJiaM-MOHHTOpaM, a HMCHHO! 1) ypOBCHb 
HaKonjieHHH hohob raxcejibix MeTajuiOB hx opraHaMH h tkbhhmh Ha HecKOJibKO 
nopn^KOB Bbirne TaKOBoro b OKpyxaiomen cpe^e; 2) ohh hbjihiotch uihpoko pac- 
npocTpaHeHHbiMH b npecHbix BOjiax EBpa3HH; 3) nonyjinuHH hx nacTO OTJiHna- 
IOTCH BbICOKHMH 3HaHeHHHMH nJIOTHOCTH HaceJieHHH. IIpH 3TOM, OJIHaKO, 3KO- 

jioth, ocymecTBjiniomHe mohhtophht, k coxcajieHHio, He oraaiOT ce 6 e OTHeTa b 

TOM, HaCKOJIbKO BaXCHbIM HBJIHCTCH H3yHCHHe napa3HTOJIOrHHeCKOH CHTyaUHH 
b 3a^eHCTBOBaHHbix b HeM nonyjiHUHHX. Mojijiiockh, b tom hhcjic h Unionidae, 
HBJIHIOTCH ObjIHraTHblMH npOMCXCyTOHHblMH X03HeBaMH TpeMBTOJI. SKCTeHCHB- 
HOCTb H HHTeHCHBHOCTb 3apaxeHHH MOJIJHOCKOB HepeflKO OHCHb BbICOKH, HTO He 

MOxeT He OKa3biBaTb B03jieHCTBHH Ha xapaKTep h ypoBeHb HaKonjieHHH hmh th- 
xcejibix MeTajuiOB. 3to nojioxeHne Mbi h xotcjih nponjiJiiocTpHpoBaTb MaTepna- 
jibmh HacTonmero coobmeHHH. 

MATEPHAJI H METO^HKA 

JX jih onpejiejieHHH ypOBHH HaKonjieHHH raxcejibix MeTajuiOB (Cu, Zn, Cd, Pb) 
Hcnojib30BaHO 29 3K3. 4-JieTHHx Colletopterum ponderosum rumanicum Bgt. (caM- 
Ubi juihhoh 100.49 ± 2.40 mm h MaccoH 90.08 ± 6.96 r, caMKH jijihhoh 104.35 ± 
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± 2.26 mm h Maccoft 98.71 ± 6.84 r), co6paHHbix BpynHyio b ceHTH6pe 2000 r. 
b OacceftHe CpeflHero flHenpa — Bp. TeiepeB QKhtomhp, YnpaHHa). Xhbot- 

HblX OHHmailM OT ObpaCTaHHH H flOHHblX OTJIOXeHHH H BbbXepXHBajl M B TCHCHHe 

4 4 b aKBapHyMax, 3anojiHeHHbix otctohhhoh (1 cyr) BoaonpoBOflHOH boaoh 
(ann OHHiueHHH KHuieHHHKa). noa onpeaejiajiH Ha BpeMeHHbix rHCTOJioraHe- 
ckhx npenapaTax, H3roTOBJieHHbix H3 roHa^bi xhbothmx. Jinn onpeaejieHHH 
ypoBHB coaepxaHHB THxcejibix MeTajuioB Hcnojib30BajiH paKOBHHy, xabpbi, rena- 
TonaHKpeac, Hory, roHaay, m3hthk). MaTepnaa ana stoto totobh^h no mctoot- 
Ke Kbenbnaafl (HHKaHopoB h ap., 1985). OpraH hjih TKaHb H3BaeKajm noji- 

HOCTblO H (|)HKCHpOBaJIH 96 %-HbIM 3THJIOBbIM CnHpTOM, KOTOpblH 4epe3 6—12 4 
ynapHBajm npn TeMnepaType 105 °C. 3aTeM MaTepnaa cxnrajiH b a3oraoH khc- 
jioTe (MapKH OCH) b TeneHne 12—24 4 ao nojiHoro ero o6ecuBe4HBaHHH. Kojih- 
necTBeHHoe coaepxaHHe THxeabix MeTajuioB ycTaHaBJTHBanH c noMombK) aTOM- 
HO-aacop6uHOHHoro cneKTpotJiOTOMeTpa C-115M c njiaMeHHbiM aHajiH 3 aTopoM 
(cTaHflapT C3B 5346). Bcero BbinojiHeHO 1170 aHanH30B. KoHneHTpaunio Me- 
TajuioB Bbipaxaan b mt/kt cbipoii Maccbi xhbothmx npn cctccibchhom BJiaxHO- 
cth Boaayxa. CxaxHcxHHecKaH o6pa6oTKa MaTepnaaoB BbiiioaHCua no oGmciipn- 
HHTblM MeTOflHKaM (JlaKHH, 1973). 


PE3yjIbTATbI H OBCVXAEHHE 

CyMMapHbiH ypoBeHb HaKonaeHHH Taxejibix MexaaaoB caMnaMH h caMKaMH 
C. ponderosum oanHaKOB (62.68 ± 0.13 h 63.76 ± 0.13 Mr/Kr). OicyTCTByioT TaK- 
xe CTaTHCTHHecKH aocTOBepHbie paajiHHHH no 3TOMy noKa3aTeaio Mexay cbo6oh- 
HblMH OT napa3HTOB H HHB33HpOBaHHbIMH TpeMaTOflaMH OCObflMH. 

OflHHaKOBbIM HBJIHeTCH y CaMUOB H CaMOK (KaK He3apaXeHHbIX, TaK H HH- 
Ba3HpoB3HHbix TpeMaTonaMH) coaepxaHHe Kaxaoro B3HToro b oTaejibHOcra 
H3 onpeaeaeHHbix HaMH Taxejibix MeTaaaoB (mt/kt): Cu — 19.0—19.3, Cd — 
5.1—5.2, Zn - 54.1-54.7, Pb - 21.1-21.5. 

OflHaKo ypoBeHb HaKonaeHHH hx OTjieabHbiMH opraHaMH BecbMa pa3JiH4eH 
(cm. pncyHOK). Han6oabiiJHe KoannecTBa Cu o6HapyxeHbi b xabpax, roHaaax, 
m3hthh; Cd — b xa6pax, roHaaax, renaTonaHKpeace; Zn — b xa6pax, renaTo- 
naHKpeace, Hore; Pb — b xabpax, renaTonaHKpeace, paKOBHHe. KaK bhuho 
H3 npHBeaeHHoro nepenHB, Han6oaee oGmhhmmh to4K3mh HaKonjieHHH raxe- 
jimx MeTajuioB abjihiotcji xa6pbi (14.7—19.8 %), roHanbi (7.6—25), renaTonaH- 
Kpeac (10—30.2) h paKOBHHa (29.1—29.7). B MeHbuiefl Mepe KyMyjiHpyiOT hx 

M3HTHH H HOra. Y MOJIJHOCKOB, HHB33HpOBaHHbIX XpCMaTOnaMM, HHTCHCHBHOe 
HaKonjieHne Cu, Cd, Pb ocymecTBjmeTca tcmh xe opraHaMH, 4 to h y He 3 apa- 
xeHHbix oco6en. B HaKonjieHHH xe Zn Mexay sthmh aByMH rpynnaMH xhbot- 
HblX HMeiOTCH CymeCTBeHHbie pa3JIH4H4. OHH COCTOHT B TOM, 4TO npn HHBa3HH 
y C. ponderosum npoHCxoaHT ycnaeHHoe HaKonjieHne stoto MeTaaaa MaHraeil, h 
no 3TOMy noKa3aTearo nocaeaHaa npnbaHxaeTca k xabpaM h Hore. BbimecKa- 
3aHHoe xopoiuo naaiocTpapyeTca K03<jxJjHUHeHTaMH HaKonaeHHH (KH) h ko 3(J)- 
<J)HiiHeHTaMH flOHHOH 6HOJiorH4ecKOH aKKyMyaaiiHH (Kfl(BA). rioraomaeMocTb 
Bcex 6e3 HCKaioaeHHa Taxeabix MeTaaaoB MOJunocKaMH oaeHb BbicoKa (Ta6a. 1): 
OHa npeBbimaeT TaKOByK) Boabi Ha 1—4 nopaaKa h o6pa3yeT (no yMeHbuieHHio 
3H34CHHH KH) T3KOH pafl! KHpb > KHzn > KHcu > KHcd- CpaBHeHHe 3H34CHHH 
KH He3apaxeHHbix h 3apaxeHHbix TpeMaToaaMH C. ponderosum no 3 BOJiHjio bmh- 
BHTb CT3THCTH4eCKH HOCTOBCpHbie pa3JIH4HH MCXHV HHMH. Ho Cu OHH 33KJnOHa- 
iotch b noBbiuieHHOM KyMyjiHpoBaHHH 3TOTO MCTa.xaa renaTonaHKpeacoM, 
no Cd — b ycHJieHHH HaKonjieHHH ero renaTonaHKpeacoM h xa6paMH caMnoB, 
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Cu Cd Zn Pb Cu Cd Zn Pb 



Cu Cd Zn Pb Cu Cd Zn Pb 


e 



Cu Cd Zn Pb Cu Cd Zn Pb 


Coflepacamie (Mr/icr) Taxejibix MeTajuioB b pa3Hbix opraHax Colletopterum ponderosum b HopMe h 

npH TpeMaTOflHOH HHBa3HH. 

a — paKOBHHa, 6 — renaTonamcpeac, e — xcabpu, e — Hora, d — roHaaa, e — MaHTHH. CaMKH: 1 — HeHHBa3Hpo- 
BaHHbie, 2 — HHBa3HpoBaHHtie; caMUu: 3 — HeHHBa3HpoBaHHue, 4 — HHBa3HpoBaHHbie. 

Content of heavy metals (mg/kg) in different organs of Colletopterum ponderosum , in control and in 

the case of the trematode infection. 

no Zn — b noHHxeHHOM KyMyjinpoBaHHH ero renaTonaHKpeacoM n noBbimeH- 
hom — MaHTnen, no Pb — b naaeHHH ypoBHH ero coaepxaHna b renaTonaH- 
Kpeace n b noBbiineHHH — b roHaae n MaHTHH. 

3HaneHHa KJBA ^eMOHCTpHpyiOT cxonHyio KapTHHy HaKonjieHHH Tflxejibix 
MeTajuioB p&JHbiMH opraHaMH C. ponderosum b HopMe h npn TpeMaTOflHOH HHBa- 
3HH. IlpH 3TOM 3HaHeHHH K03(J)(J)HnHeHT0B K£EA JIHUIb 3H3HHTejIbHO HHXe Ta- 

kobhx KH, hto CB333HO c npeoGjiaaaiomHM HaKonjieHHeM sthx noniOTaHTOB 

HMeHHO flOHHbIMH OTJIOXCHHHMH. 

KojiHMecTBeHHoe cooTHomeHHe MeTajuioB b oxaejibHbix opraHax C. pondero¬ 
sum pa3Horo nojia npn oTcyTCTBHH HHBa3HH o/iMHaKOBO. Oho BbipaxaeTca 
T3KHMH pjmaMH: JV ia paKOBHHbi h renaionaHKpeaca — Cd < Cu < Zn < Pb, 
ana ocTajibHbix HccjreaoBaHHbix opraHOB — Cd < Pb < Cu < Zn. TpeMaTOflHaa 
HHB33HH y C8MOK COnpOBOXHaeTCH HHTeHCHCj)HKanHeH KyMyJIHpOBaHHH B paxo- 

BHHe cBHHna (Cd < Cu < Zn < Pb). 

y CBOfiOflHblX OT HHB33HH C. pOnderOSUm KOJIHHeCTBeHHOe COOTHOUieHHe TH- 
xenbix MCTaa.TOB oannaKOBO y caMUOB h caMOK b paKOBHHe, renaTonaHKpeace, 
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^ TaGjiHua 1 


Ko3(J)(J)HUHeHTbi HaKonjieHHH h flOHHOH bHOJiorHHecKOH aKKyMyjiHUHH TH)Kejibix MeTajiJiOB oxztejibHbiMH opraHaMH Colletopterum ponderosum 
Table 1. Coefficients of accumulation and of bottom biological accumulation of haevy metals by various organs of Colletopterum ponderosum 


MHBa3Hfl riOJI 

TKaHb 

Cu 

Cd 

Zn 

Pb 

KH 

K£EA 

KH 

K£EA 

KH 

K£EA 

KH 

KflEA 

HeT CaMKH 

PaKOBHHa 

347.43 

25.81 

22.41 

20.28 

4283.33 

3.02 

10456.13 

22.45 

n= 12 

TenaTonaHKpeac 

468.91 

34.83 

42.15 

38.13 

5149.24 

3.63 

10616.23 

22.79 


Xa6pbi 

716.67 

53.24 

34.47 

31.19 

5792.42 

4.08 

5155.70 

11.07 


Hora 

647.77 

48.12 

15.35 

13.89 

6561.36 

4.63 

22.10.53 

4.75 


ToHafla 

1099.68 

81.69 

43.33 

39.21 

4528.79 

3.19 

2914.47 

6.25 


MaHTHH 

1391.35 

103.36 

16.01 

14.48 

5415.91 

3.82 

3844.30 

8.25 

CaMUbi 

PaKOBHHa 

330.38 

24.54 

25.79 

23.33 

4194.55 

2.96 

10294.74 

22.10 

n= 10 

TenaTonaHKpeac 

494.62 

36.74 

35.74 

32.33 

5412.73 

3.82 

10276.32 

22.06 


Xa6pbi 

801.54 

59.54 

32.37 

29.29 

5682.73 

4.01 

5213.16 

11.19 


Hora 

661.15 

49.11 

16.58 

15.00 

6091.82 

4.30 

2623.68 

5.63 


ToHafla 

1098.08 

81.57 

42.53 

38.48 

4343.64 

3.06 

2684.21 

5.76 


MaHTHH 

1260.77 

93.66 

16.16 

14.62 

5180.00 

3.65 

4292.11 

9.21 

ECTb CaMKH 

PaKOBHHa 

307.69 

22.86 

18.42 

16.67 

2477.27 

2.45 

10855.26 

23.31 

n = 8 

TenaTonaHKpeac 

604.81 

44.93 

42.11 

38.09 

5077.27 

3.58 

9322.37 

20.01 


)Ka6pbi 

809.62 

60.14 

36.45 

32.98 

5518.18 

3.89 

5572.37 

11.96 


Hora 

805.77 

59.86 

18.03 

16.31 

6418.18 

4.53 

2572.37 

5.52 


ToHaxia 

1155.77 

85.86 

37.50 

33.93 

4415.91 

3.11 

3703.95 

7.95 


MaHTHH 

1292.31 

96.00 

18.95 

17.14 

6079.55 

4.29 

5125.00 

11.00 

CaMUbi 

PaKOBHHa 

384.62 

28.57 

28.03 

25.36 

4406.82 

3.11 

10342.11 

22.20 

n - 6 

TenaTonaHKpeac 

563.46 

41.86 

41.58 

37.62 

4838.64 

3.41 

10296.05 

22.10 


)Ka6pbi 

828.85 

61.57 

41.32 

37.38 

6034.09 

4.25 

5046.05 

10.83 


Hora 

431.73 

32.07 

15.39 

13.45 

6306.82 

4.45 

2585.53 

5.55 


ToHa^a 

980.77 

72.86 

33.82 

30.60 

4561.36 

3.22 

2927.63 

6.285 


MaHTHH 

1410.58 

104.79 

14.47 

13.10 

5620.45 

3.96 

4092.11 

8.785 








roHaae, mshthh h Hore (Cd < Pb < Cu < Zn), ho pa3JiHHHo b aca6pax. Tax, 
b aca6pax y caMijoB 6ojibiue coaepxcHTca cbhhu3 (Cd < Pb < Cu < Zn), neM y 
caMOK (Cd < Cu < Pb < Zn). 

MeTOflOM paHroBoro KoppejurraBHoro arnuima CnnpMeHa (Ta6ji. 2) y hhb3- 
3HpOBaHHbIX TpeMaTOflaMH XCHBOTHbIX BbIHBJieHbl CTaTHCTHHeCKH flOCTOBepHbie 
cflBHrn b conpjraceHHOM HaKonjieHHH nap MeTajuioB. Han6ojiee BbipaaceHbi ohh 
b roHanax, b MeHbinen CTeneHH npencTaBJieHbi b aca6pax, a b HanMeHbinen — 
b paKOBHHe, MaHTHH h Hore. Tax, b ceMeHHHKax HHTaKTHbix C. ponderosum 
nadjnoaacTCH OTpunaTCjibHaa Koppejianna b nape MeiajuioB Cu— Pb, a npn 
HHBa3HH OHa CTaHOBHTCB nOJIOXCHTeJlbHOH. y 3apa>KeHHbIX CaMHOB b tom ace 
opraHe HMeeT MecTO nojioaoiTejibHaa Koppejianna b napax Cu—Cd h Pb— Cd 
h OTpHuaTejibHaa — b napax Zn—Cd n Pb— Zn. B hhhhhkc C. ponderosum 
npn HHBa3HH TpeMaTozuiM h oTcyrcTByeT nojioacHTejibHaa Koppejiauna b napax 
Pb— Cd n Pb— Zn, 3aperncTpnpoBaHHaH (P > 94.5 %) y CBo6oflHbix ot 3apaace- 
hhh ocoben. 


Ta6jiHua 2 

KoacjxjjmjHeHTM Koppe/muHH paHroB CrmpMeHa 
Table 2. Correlation rations of Spirmen ranks 



HenHBa3HpoBaHHbie 

MHBa3HpOBaHHbie 


Cd 

Zn 

Pb 

Cd 

Zn 

Pb 

CaMKH 



PaKOBHHa 




Cu 

0.2290 

-0.4983 

0.1906 

0.9500* 

0.8000* 

0.000 

Pb 

-0.4336 

-0.4126 


-0.1500 

-0.4000 


Zn 

-0.0035 



0.9500* 





F enaTonamcpeac 



Cu 

0.2517 

-0.2098 

0.4983 

-0.4000 

-0.6000 

0.2000 

Pb 

0.2150 

0.0297 


0.8000* 

0.2000 


Zn 

0.0350 


)Ka6pbi 

0.4000 



Cu 

0.6154* 

-0.0490 

0.2308 

0.6000 

-0.6000 

0.8000* 

Pb 

0.6014* 

-0.4056 


0.8000* 

-0.8000* 


Zn 

-0.2867 


Hora 

-1.0000 



Cu 

0.1556 

0.0157 

-0.0997 

0.2000 

0.0000 

0.4000 

Pb 

-0.0507 

0.1364 


-0.8000* 

0.2000 


Zn 

0.1958 


ToHazia 

-0.4000 



Cu 

-0.2325 

0.3549 

-0.6346* 

0.8000* 

-0.6000 

0.8000* 

Pb 

-0.0559 

-0.2098 


1.0000* 

-0.8000* 


Zn 

-0.4825 


MaHTHfl 

-0.8000* 



Cu 

-0.3287 

0.2762 

-0.1608 

0.8000 

-0.0500 

0.2000 

Pb 

0.2430 

0.5507 


0.4000 

-0.6500 


Zn 

0.4056 



-0.0500 
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Ta6iiHua 2 ( npodonofcenue) 



HeHHBa3HpoBaHHhie 

MHBa3HpOBaHHUe 


Cd 

Zn 

Pb 

Cd 

Zn 

L pb 

CaMUbi 



PaKOBHHa 




Cu 

0.6333 

0.2394 

0.1424 

0.4000 

-0.8000 

0.2000 

Pb 

0.3788 

0.6758* 


-0.8000 

0.4000 


Zn 

0.5182 



-0.8000 





TenaTonaHKpeac 



Cu 

-0.4303 

-0.2576 

-0.2242 

-0.8000 

0.2000 

-0.4000 

Pb 

-0.0909 

0.2576 


0.0000 

0.8000 


Zn 

-0.0818 


1 

-0.4000 






)Ka6pbi 




Cu 

1 -0.5970 

-0.1970 

0.5212 

-0.8500* 

0.3500 

0.3500 

Pb 

-0.3121 

-0.4576 


0.0000 

-0.8000 


Zn 

-0.1030 



-0.6000 






Hora 




Cu 

0.3212 

0.5333 

0.1970 

-0.5500 

0.6000 

-1.0000 

Pb 

0.0273 

0.3485 


0.6500 

-0.6000 


Zn 

0.4242 



-0.5500 






ToHaaa 




Cu 

0.0758 

-0.2333 

0.2636 

0.4000 

0.4000 

-0.2000 

Pb 

0.8061** 

-0.6485* 


0.0000 

-0.8000 


Zn 

-0.5030 



0.6000 






MaHTHfl 




Cu 

0.0939 

-0.2121 

-0.2515 

-0.6000 

0.2500 

-0.4000 

Pb 

0.1030 

0.0576 


-0.4000 

-0.6500 


Zn 

-0.8455 



0.7500 




npHMenaHHe. — P > 0.01; * — P > 0.05. 


TaKHM o6pa30M, no# bjihhhhcm napa3HTapHoro (J)aKTopa h3mchhiotch ypo- 
BeHb m xapaKTep HaiconjieHHH MOjiJiiocKaMH raxcejibix MeiajiJiOB (3HaHHTejibHO 
B03pacTaiOT 3HaneHHH KH h K,II,BA). H3MeHneTCH Taioxe b p*me cjiynaeB xapaK¬ 
Tep conpHxceHHoro HaKonjieHHH b napax THXcejibix MeTajiJiOB. 
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THE TREMATODE INVASION AND ACCUMULATION ON HEAVY METALS 
BY THE MOLLUSC COLLETOPTERUM PONDEROSUM 
(BIVALVIA: UNIONIDAE: ANODONTINAE) 

G. Ye. Kirichuk, A. P. Stadnichenko 
Key words : Trematoda invasion, Colletopteram ponderosum , heavy metals. 

SUMMARY 

The influence of the trematode invasion on the accumulation of heavy metals (Cu, Zn, 
Cd, Pb) by various organs of the mollusc Colletopterum ponderosum have been investigated. 
An increase of the coefficients of accumulation and bottom biological accumulation, and 
also changes in the accumulation in pairs of heavy metals were noted in the infected mol¬ 
luscs. 
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